Editor's key points † The Mallampati score is used by some clinicians to predict difficult intubation. † Meta-analysis of 55 studies involving a total of 177 088 patients (two studies account for 149 096 patients). † Only 35% of patients with a difficult intubation were identified as Mallampati III or IV. † The modified Mallampati is inadequate as a stand-alone test of a difficult laryngoscopy or intubation.
endotracheal intubation OR intratracheal intubation OR laryngoscopy OR difficult laryngoscopy OR difficult intubation OR Cormack Lehane), and Mallampati. To determine the studies to be assessed further, two authors (L.H.L. and J.W.) independently scanned the abstract, title, or both sections of every record retrieved. All potentially relevant articles were investigated as full text. In addition, we checked the references from included studies. Any relevant missing information on the study was sought from the original author(s) of the article, if required. The inclusion criteria were: (i) The modified Mallampati score was used. (ii) Studies included prospectively collected data. (iii) The study included adult patients. (iv) Direct laryngoscopy with a standard laryngoscope was performed. (v) The absolute number of true positive, false negative, true negative, and false negative could be extracted from the article, from previous meta-analyses, 7 8 or by contacting the author(s). (vi) The study was reported in English.
Data extraction
For studies that fulfilled the inclusion criteria, two authors (L.H.L. and M.V.-A.) independently abstracted relevant information and characteristics using standard data extraction templates. When differences in opinion existed, they were resolved by a third party (J.W.). The following information was extracted.
The outcome measure, difficult tracheal intubation, or difficult laryngoscopy defined by Cormack and Lehane score of III and IV 12 or a modified Cormack and Lehane score of IIb, III, and IV. 13 As there is no international consensus of defining an intubation score, the definitions of a difficult tracheal intubation presented in the individual articles were accepted. However, if the authors defined a difficult laryngoscopy using a Cormack and Lehane score as a difficult intubation, we included and reported the Cormack and Lehane score as an outcome measure in our assessment. A difficult laryngoscopy is a surrogate outcome measure for a difficult tracheal intubation. Therefore, if a study both reported an intubation score and the Cormack and Lehane score based on the same population in the same assessment, only the intubation score was extracted for our assessment. The modified Mallampati score was defined by Samsoon and Young. 6 The view was graded as follows: class I, soft palate, fauces, uvula, and pillars visible; class II, soft palate, fauces, and uvula visible; class III, soft palate and base of the uvula visible; class IV, soft palate not visible at all. The patients were placed in a sitting position with the head in a neutral potion and the assessment was performed without phonation. A modified Mallampati score of III or IV was considered a risk factor for difficult laryngoscopy/intubation. When a single study has evaluated various versions of the modified Mallampati score, the results of the score performed similar to the one reported by Samsoon and Young 6 were extracted for the meta-analyses.
If possible, the following other data were extracted:
The settings of the Mallampati score by retrieving the position of the head and body, and if the patients phonated during the evaluation.
The number of anaesthetists performing the preoperative airway assessments and the number of anaesthetists involved in tracheal intubations. It was noted, if the modified Mallampati score was blinded for the anaesthetists performing the airway management. The participant sampling and inclusion and exclusion criteria of patient population were retrieved. How the patients were recruited.
Quality assessment and risk of bias
We applied QUADAS, a tool for the quality assessment of studies of diagnostic accuracy included in systematic reviews, 14 as a measure of the quality of the included studies. The quality assessment was based on the following criteria:
(1) Was the modified Mallampati score blinded for the anaesthetist performing the airway management? (2) Was the conduct of the modified Mallampati test clearly described? (3) Selection of study population: were the inclusion and exclusion criteria described? (4) Recruitment of study population described (e.g. consecutive, randomly, case -control)?
Studies fulfilling all four criteria were classified as studies with low risk of bias, if three criteria were fulfilled, they were categorized as medium risk of bias studies. Otherwise they were classified as studies with high risk of bias. Our meta-analysis included studies reporting difficult laryngoscopy or difficult tracheal intubation. Further, subgroup meta-analyses of difficult laryngoscopy and difficult tracheal intubation were presented separately. However, if a study both reported an intubation score and the Cormack and Lehane score, only the intubation score was extracted for the subgroup analyses. Finally, a subgroup meta-analysis of studies with low and medium risk of bias was presented.
Statistical analysis
The modified Mallampati score from the pooled estimates in the meta-analyses was described with: sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio. The pooled estimates were presented with 95% confidence interval (CI). If a study was reported with a 0 value in any outcome, 0.5 was added as a continuity correction to all values in the study before performing the meta-analysis. Before conducting a meta-analysis, the degrees of heterogeneity displayed by the I 2 of all estimates were calculated. 15 Because of expected clinical diversity and high I 2 values, the 'random-effects model' 16 was used incorporating a momentbased between-study variance when calculating the pooled estimates. The calculation of the Spearman correlation coefficient of logit (true-positive rates) vs logit (false-positive rates) demonstrated that the sensitivity and specificity were associated across the studies. Therefore, a summary receiver operator characteristics (sROC) curve 17 was conducted. The area under the sROC curve was used as a measure for the BJA Lundstrøm et al. 
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Meta-analyses of the modified Mallampati score description of diagnostic accuracy of the Mallampati test. To ensure precise pooled estimates, the pooled sensitivity was derived from the sROC curve using corresponding pooled specificity. 17 18 Subsequently, the pooled sensitivity and specificity were used to calculate the positive and negative likelihood ratios. To explore sources of heterogeneity in the studies, meta-regression analyses using the MosesShapiro-Littenberg method 17 was performed. All covariates associated with a P-value of ,0.10 in the univariate analyses were included in a subsequent multivariate meta-regression analysis. In the multivariate analysis, a P-value of ,0.05 was considered significant. Possible bias was assessed by the method described by Egger and colleagues. 19 
Results
A total of 55 studies including 177 088 patients 9 10 20-72 met the inclusion criteria for the meta-analysis. In three of the included studies, the necessary data were extracted by contacting the authors 9 52 66 (Table 1) . A detailed description of the studies is presented in Supplementary Appendix S1. The prognostic performance of the modified Mallampati score in the individual studies (Table 2) showed a statistically significant association between logit (true-positive rate) and logit (false-positive rate) (Spearman's correlation coefficient: 0.36, P¼0.007). We therefore constructed a symmetric sROC curve (Fig. 1) . The area under the curve (AUC) was 0.75, which categorized the diagnostic test as good. 73 The pooled estimates of the total cohort and subgroup populations are presented in Table 3 . A pooled diagnostic odds ratio of 5.89 (4.74 -7.32, 95% CI) demonstrates an almost six-fold increased risk of a difficult tracheal intubation for patients with a modified Mallampati class III or IV compared with those with class I or II. Only 35% (34-36%, 95% CI) of the patients who had difficult tracheal intubation were correctly identified with a modified Mallampati class III or IV. Among the patients who underwent a tracheal intubation without difficulties, 91% (91 -91%, 95% CI) were correctly predicted to be easy. For the patients with a modified Mallampati class III or IV, the ratio between the number of patients with a difficult and an easy tracheal intubations was 4.13 
Discussion
In this meta-analysis, the pooled frequency of difficult tracheal intubation was 6.8%, which exceeds the 5.8% found in a previous analysis. 7 The pooled estimates demonstrated that only 35% of the patients, who underwent tracheal intubation with difficulties, were correctly identified with a modified Mallampati test. The pooled positive likelihood ratio was 4.1. A clinical test is considered to be diagnostically accurate if it has a positive likelihood ratio of .10. 18 The results of the sROC curve show that the accuracy of the test was only just categorized as 'good', 73 as the AUC was only marginally .0.75. Thus, as a stand-alone test, the meta-analysis demonstrated that the modified Mallampati score was an inadequate predictor of a difficult laryngoscopy or tracheal intubation. Hereby, we concur with previous analyses, 7 8 although our assessments are not directly comparable with one of these as it did not distinguish between the original and the modified Mallampati score. 7 However, our metaanalysis of the modified Mallampati test differs substantially from the results reported by Lee and colleagues, 8 who 
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Meta-analyses of the modified Mallampati score described pooled estimates of sensitivity significantly greater than our findings. Between 55% and 76% of the patients, who underwent tracheal intubation with difficulties, were correctly identified in advance using a modified Mallampati test for their assessment, while the equivalent estimate decreases to 35% in our assessment. The estimated pooled diagnostic odds ratio in our assessment was 5.9. The corresponding diagnostic odds ratios previously reported 8 for
increased risk of a difficult tracheal intubation for patients with a modified Mallampati class III or IV compared with those with class I or II ranged was higher at 6.5-10.4. Likewise, the AUC reported 8 ranged from 0.78 to 0.84, while in our assessment, it was only 0.75. There are several possible explanations for these differences. In some of the studies, the outcome measure was defined as a difficult tracheal intubation, although the real outcome measure was the visibility of anatomical characteristics of the original Cormack and Lehane score. 12 In contrast to Lee and colleagues' study, 8 we used the Cormack and Lehane score as outcome measure in these studies. Further, our meta-analysis combined both difficult laryngoscopy and difficult tracheal intubation as one outcome measure while theirs did not. If a study both reported an intubation score and the Cormack and Lehane score based on the same population in the same assessment, only the intubation score was extracted for our assessment.
We did that to avoid a wrong sampling error. 74 One aim of Lee and colleagues' study 8 was to distinguish between a difficult laryngoscopy and a difficult tracheal intubation, and they evaluated the outcome measures separately. We felt that it was correct to retrieve data on both outcome measures from the same patient population. Therefore, this difference may impact the comparison of our assessment with the previous one. However, the major reason for the differences may be the increased number of studies and patients included in our updated meta-analyses. Thus, the number of studies increased from 28 to 55 and the number of patients increased nearly 10-fold from 17 902 to 177 088. The meta-analyses all had a high statistical heterogeneity. Additionally, the pooled estimates from our meta-analyses may be influenced by a high degree of clinical diversity. Thus, who and how the test was performed, and the type of patient population evaluated, varied considerably between the individual studies. For example, unblinded studies and case -control studies may tend to overestimate the diagnostic accuracy. 75 However, our exploration of the statistical heterogeneity with meta-regression analyses of numerous factors failed to identify the reasons for the statistical heterogeneity. The number of patients evaluated in each study varied considerably. Two studies 9 10 evaluated a total of 149 096 patients which accounts for 84%. The accumulated weight of the two studies in the random-effects model evaluating the diagnostic odds ratio was only 6.3%. This discrepancy suggests that it is reasonable to emphasize the between-study variance when pooling the estimates as it is done in the random-effects model. The random-effect model used for pooling diagnostic studies may have important shortcomings when large cohort studies comprising more than 80% of the included patients are inappropriately down-weighted. 76 77 The ultimate goal of a prognostic test is to guide clinicians in everyday practice, in a clinical environment with diverse settings. Studies conducted with few evaluators adhering strictly to a protocol may exaggerate the prognostic value. Therefore, large database studies may convey a more realistic picture of the prognostic value achieved by the Mallampati test. In contrast, the smaller studies adhering strictly to protocols may describe what is ultimately possible if education and training are optimized. Furthermore, it seems appropriate to emphasize that due to the apparent high precision of some of the study estimates of diagnostic accuracy, 9 10 and these estimates discrepancy with those of other studies, the statistical heterogeneity measured by I 2 may be exaggerated. 78 Our assessment only deals with studies predicting difficult tracheal intubation with a standard laryngoscope. However, in a clinical context, the impact of these studies and our meta-analysis may have changed, because of the current introduction of videolaryngoscopes into anaesthetic practice. The clinical use of videolaryngoscopes may change the accuracy of predictors of difficult tracheal intubation and require a different definition of difficult tracheal intubation. Thus, predictors of a difficult tracheal intubation such as the modified Mallampati score may require re-evaluation in the future.
Our assessment demonstrated that the prognostic value of the modified Mallampati score was poorer than that estimated by previous meta-analyses. The modified Mallampati score is inadequate as a stand-alone test of a difficult laryngoscopy or tracheal intubation, but it may well have a role as a part of a multivariate model for the prediction of a difficult tracheal intubation using a standard laryngoscope. 23 52 Numerous studies have failed to present specific risk factors that themselves are able to identify a difficult intubation or laryngoscopy. Therefore, it seems rational to focus even more than hitherto on the development, testing and modification of multivariate models from and in large-scale cohort studies, hereby making the prognostication operational in everyday clinical practice.
Supplementary material
Supplementary material is available at British Journal of Anaesthesia online. Meta-analyses of the modified Mallampati score
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